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Abstract 



The discovery potential for charged Higgs bosons has been 
studied including background simulations for y/s = 500 GeV 
and a luminosity of 10 fb _1 depending on the hadronic calorime- 
ter resolution of a LC500 detector. The hadronic decay channel 
H + H — ► cscs is in particular suited for this study due to a 
large sensitivity dependence on the hadron calorimeter perfor- 
mance. For this study a hadronic energy resolution as achieved 
at LEP experiments is sufficient to reach a very good sensitivity. 
A calorimeter with weaker energy resolution would reduce the 
sensitivity by a factor of two. 
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The discovery potential for charged Higgs bosons has been 
studied including background simulations for y/s = 500 GeV and 
a luminosity of 10 fb _1 depending on the hadronic calorimeter 
resolution of a LC500 detector. The hadronic decay channel 
H + H~ — > cscs is in particular suited for this study due to a 
large sensitivity dependence on the hadron calorimeter perfor- 
mance. For this study a hadronic energy resolution as achieved 
at LEP experiments is sufficient to reach a very good sensitivity. 
A calorimeter with weaker energy resolution would reduce the 
sensitivity by a factor of two. 

A discovery of charged Higgs bosons would be an unambiguous evidence 
that the electroweak symmetry-breaking sector of the Standard Model con- 
sists of at least two Higgs doublets. Charged Higgs bosons are pair pro- 
duced at a LC500 if kinematically allowed. In the hadronic decay channel 
H + H~ — > cscs, the selection procedure depends largely on the mass resolu- 
tion. In particular, this decay channel is rather independent of the b-tagging 
capabilities of the detector which are very important for neutral Higgs boson 
sensitivity. Thus, this charged Higgs boson hadron channel is suited to study 
effects of the hadronic calorimeter detector resolution. 

This analysis investigates the influence of the detector performance of 
a hadronic calorimeter on the expected detection efficiency for H + H~ — > 
cscs. The analysis is based on previous charged Higgs boson studies [1] for a 
500 GeV linear collider. The detector effects of hadronic events can be studied 
efficiently with a parametric detector simulation which takes into account the 
detector geometry and the intrinsic resolutions. Most important for the Higgs 
search in the multi-jet channels are the energy and spatial resolutions in the 
central part of the detector (| cos^l < 0.7) because of the approximate sin 2 9 
distribution of the production angle for the signal. Typical resolutions are 
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approximated by smearing single particle energies and directions as listed in 
Table [l|. The resulting resolutions are in agreement with measurements at 
the Z resonance and give confidence in the simulations at higher energies. 



Particle 


Energy Resolution (in %) 


Spatial Resolution 


e,7 


AE/E « 5/VE 


A0, AO « 10 mrad 


Single Hadrons 


AE/E « 55/^ + 5 


A0, A# « 150 mrad/v 7 ^ 



Table 1: Smearing used for the simulation of detector effects in the LC500 
Higgs search. E is the energy in GeV of electrons, photons, or single hadrons. 



A previous H + H~ analysis [1] had been performed using a detector sim- 
ulation corresponding to the L3 detector specifications. With an event-shape 
preselection, the background can be reduced to about 1900 ti, 1600 qq, 140 
W + W~, and 100 ZZ events, with about 50% signal selection efficiency. Most 
qq background is reduced by comparison of reconstructed invariant masses, 
since for the charged Higgs bosons both pairs are expected to have iden- 
tical invariant masses. ZZ and W + W~ background is reduced by rejec- 
tion of events where Z and W masses were reconstructed. Independent of 
the hadronic resolution, top-quark background is further reduced by anti- 
b-tagging. Detailed selection cuts are given in [1]. This analysis keeps the 
selection cuts unchanged. The same detector simulation is applied, except 
that a hadronic resolution factor / is introduced: 

AE/E = f x (55/V# + 5)%. 

The variation of the H + H~ — > cscs detection efficiency as a function of 
the hadronic resolution factor is shown in Fig. [I]. The detection efficiency in 
the hadronic H + H~ channel depends significantly on the hadronic calorime- 
ter resolution. Sensitivity can more than double compared to a less precise 
hadron calorimeter. For example, if the hadronic resolution improves from 
/ = 3 to / = 1, the detection efficiency improves from about 5 to 10%. 
On the other hand, an unrealistic detector resolution ten times as good as a 
LEP experiment would only increase the detection efficiency from about 10 to 
12% for a 180 GeV charged Higgs boson. Concluding, a hadronic calorimeter 
resolution already achieved at the LEP experiments suffice for a performing 
sensitivity. 
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Figure 1: Detection efficiency for the process H + H — > cscs with a 180 GeV 
charged Higgs mass as a function of a scale factor for the hadron calorime- 
ter resolution. The expected detection efficiency assuming the L3 detector 
resolution is indicated. 
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